Synthesis, characterisation, and performance evaluation of promoted Ni‐based catalysts for thermocatalytic decomposition of methane by Awad, Ali et al.
Synthesis, characterisation, and performance evaluation of promoted Ni‐based catalysts 
for thermocatalytic decomposition of methane 
 
Ali Awada,b, Mohamad S. Alnarabijib, Dr. Md. A. Salamc, Dr. Dai‐Viet N. Vod, Dr. Herma D. 
Setiabudie,f, Dr. Bawadi Abdullahb.g 
a Department of Chemical Engineering, The University of Faisalabad, Punjab, Pakistan 
b Chemical Engineering Department, Universiti Teknologi, PETRONAS, 32610 Seri Iskandar, 
Malaysia 
c Hydrogen Energy Technology Laboratory, BCSIR Laboratories, Chittagong, Bangladesh 
d Center of Excellence for Green Energy and Environmental Nanomaterials, Nguyen Tat 
Thanh University, 300 A Nguyen Tat Thank, District 4, Ho Chi Minh City, 755414, Viet Nam 
e Faculty of Chemical and Process Engineering Technology, College of Engineering 
Technology, Universiti, Gambang, Kuantan, Pahang, Pahang 26300, Malaysia 
f Centre of Excellence for Advanced Research in Fluid Flow, Universiti Malaysia Pahang, 
Gambang, Kuantan, Pahang, 26300, Malaysia 
g Center of Contaminant Control and Utilization (CenCoU), Institute of Contaminant 





Thermocatalyatic decomposition (TCD) of methane to COX free hydrogen and carbon 
nanofibre (CNF) was investigated over a series of self‐designed monometallic Ni catalyst and 
bimetallic Ni−Cu and Ni−Pd catalysts. The catalysts were synthesised from the wet 
impregnation method and characterised using a series of complementary techniques include 
TGA, XRD, BET, TPR, FESEM, TEM, and Raman Spectroscopy. Despite a substantial reduction 
of surface area in the promoted catalysts, the catalytic activity of the promoted catalyst was 
enhanced due to the nature of the process which is a metal‐catalysed reaction. As a whole, 
bimetallic Pd−Ni catalyst with a surface area of 2.76 m2 g−1 possesed the highest conversion 
of 77 % after 6 h reaction. The overall TCD reaction was found to be first‐order with the 
calculated activation energy, Ea of 38 kJ mol−1. The methane consumption rates at 1023 K and 
1073 K were 0.5 mol s−1gcat−1 and 0.58×104 mol s−1gcat−1 respectively. Meanwhile, the 
methane consumption rates improved considerably from 0.58 mol s−1gcat−1 to 0.67×104 
mol s−1gcat−1 under the methane partial pressure of 41 kPa. The XRD profile of the fresh 
catalysts revealed that mixed oxides were formed over the surface of the support upon the 
addition of Cu and Pd to 50 %Ni/Al2O3. Moreover, the formation of carbon nanofibers 
followed both tip and base growth mechanisms as evident from the TEM images. Larger and 
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